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(54) SPREAD SPECTRUM COMMUNCiATION 
EQUIPMENT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To attain high-speed spread 
code synchronization by reducing a time required for 
searching multi path. 

SOLUTION: A code generating timing control circuit 21 
estimates a time region, where a multi-path signal is 
received with high probability on the basis of 
generating timing information of a spread code generated 
for inverse spread processing of a maximum path during 
reception in a second correlators 16a-16n. Then the 
generating timing of a spread code replica is controlled 
so as to allow a 1st correlation 13 to receive this time 
region. 
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(54) [Title of the Invention] Spread Spectrum Communication 

Apparatus 

(57) [Abstract] 

[Problem] To reduce a time required for multi-pass search, 

thereby ensure fast spread code synchronization o 
[Means for Solving the Problems] By means of a code 

generation timing control circuit 21, a time region in which 
a probability that multi-pass signal is received is high is 
estimated based on generation timing information on a spread 
code generated for back spread processing of a maximum pass 
during reception in second correlation devices 16a to 16n* Then, 
in order to cause a first correlation device 13 to receive this 
time region, a generation timing of its spread code replica is 
controlled o 

[Claims ] 

[Claim 1] A spread spectrum communication apparatus for 
searching a multi-pass signal of a spread spectrum signal 
transmitted from a transmission station, and establishing code 
synchronization for the multi-pass signal based on the search 
result, said apparatus characterized by comprising! 

search means for detecting a reception state of the 
multi-pass signal; 

judgment means for judging a valid multi-pass signal 
based on the detection result of the search means; 
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correlation means for carrying out back spread 
processing so as to selectively receive the valid multi-pass 
signal based on the judgment result of the judgment means; and 

search control means for controlling a generation 
timing of a spread code replica generated to receive a multi-pass 
signal in said search means based on generation timing 
information on a spread code generated for the purpose of the 
back spread processing in the correlation means. 
[Claim 2] A spread spectrum communication system 

according to claim 1, characterized in that said search control 
means estimates a time region with its high probability that 
the multi-pass signal is received based on spread code 
generation timing information on the correlation means, and 
controls a generation timing of a spread code replica in the 
search means based on the estimation result, thereby making a 
search operation for the multi-pass signal in the estimated time 
region o 

[Claim 3] A spread spectrum communication apparatus for 

searching a multi-pass signal of a spread spectrum signal 
transmitted from a transmission station, and establishing code 
synchronization for the multi-pass signal based on the search 
result, said apparatus comprising s 

first search means having a matched filter for, in the 
case where the transmission station periodically multiplies a 
known fixed spread code for the spread spectrum signal, and 
transmits the multiplies code, detecting a delay profile of the 
multi-pass signal by employing the known fixed spread code; 
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second search means for detecting a reception state of 
a multi-pass signal by employing a spectrum signal other than 
the known fixed spread code; 

judgment means for judging a valid multi-pass signal 
based on the detection results of the first and second search 
means ; 

correlation means for carrying out back spread 
processing so as to selectively receive the valid multi-pass 
signal based on the judgment result of the judgment means; and 

search control means for estimating a time region with 
its high probability that the multi-pass signal is received 
based on generation timing information on a spread code 
generated for the back spread processing in the correlation 
means, and controlling a generation timing of a spread code 
replica in the search means based on the estimation result, 
characterized in that the judgment means selects the detection 
result of the second search means in a time region with its high 
probability that a multi-pass signal is received based on the 
estimation result of the search control means, and selecting 
the detection result of the first search means in the other time 
region - 

[Claim 4] A spread spectrum communication apparatus for 

searching a multi-pass signal of a spread spectrum signal spread 
and transmitted by respectively different spread codes in a 
plurality of transmission stations, and establishing code 
synchronization for the multi-pass signal based on the search 
result, said apparatus characterized by comprising! 
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search means for detecting a reception state of the 
multi-pass signal ; 

judgment means for judging a valid multi-pass signal 
based on the detection result of the search means? 

correlation means for carrying out back spread 
processing in order to selectively receive the valid multi- 
pass signal based on the judgment result of the judgment means? 
and 

search control means for control type and generation 
timing of a spread code replica generated to receive a multi-pass 
signal in the search means and identify the spread code based 
on information representative of the type and generation timing 
of the spread code generated for the back spread processing in 
the correlation means. 

[Claim 5] A spread spectrum communication apparatus 

according to claim 4, characterized in that the search control 
means establishes a time region with its high probability that 
an incoming multi-pass signal is received from the same 
transmission station based on spread code generation timing 
information on the correlation means , and generates a spread 
code replica of type which is the same as that of the spread 
code generated by the correlation means in the estimated time 
region., 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to Which the Invention Pertains] The 
present invention relates to a spread spectrum communication 
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for use in a wireless communication system that employs a CDMA 
system as a wireless access method, for example <, In particular , 
the present invention relates to an apparatus employed for fast 
spread code synchronization* 
[0002] 

[Prior Art] In a wireless communication system using a direct 
spread spectrum (DS-SS) system, RAKE reception technique is 
applicable to a spread spectrum communication apparatus o RAKE 
reception is a technique for employing a plurality of 
correlation circuits called fingers to receive and 
phase/compose multi-pass signals time-dispersed by multiple 
reflection by the plurality of fingers, thereby stabilizing a 
communication quality with a high quality o 

[0003] In the meantime, in order to carry out RAKE reception, 
the delay time and signal intensity of a multi-pass, namely, 
a delay profile is accurately measured, whereby a pass effective 
for synchronization must be judged „ However, conventionally, 
this multi-pass search is always uniformly made for all regions 
targeted for search „ Thus, a search is first started from a 
region with its low possibility that a multi-pass signal is 
received o In this case, a large amount of time is required for 
judgment of an effective multi-pass signal „ 

[0004] In addition, in order to ensure that a reception side 
can measure a generation state of a multi-pass efficiently, 
there is proposed a system for time multiplying or code 
multiplying a known spread code with its fixed code pattern for 
a transmission signal, thereby periodically transmitting the 
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multiplied code from a transmission side to the reception side« 
This system can be achieved by providing a matched filter that 
corresponds to the known fixed spread code at the reception side, 
and measuring the delay profile of a multi-pass signal by this 
matched filter „ However, in general, since the known fixed 
spread code is low in its signal energy, a multi-pass search 
cannot be accurately judged by mere measurement of the delay 
profile employing the matched filter o 

[0005] Further, in a system employing a CDMA system, a timing 
of a spread code and type of a spread code must be identified 
during initial capturing of a spread codec Among them, the code 
timing can be identified by multiplying and transmitting the 
known fixed spread code for this signal from the transmission 
side, as described previously » However, in order to identify 
type of spread code, it is required to make a code search by 
sequentially matching spread codes being a candidate for 
synchronization relevant to reception signals of all the 
passes « 
[0006] 

[Problems to Be Solved by the Invention] As described 

above, conventionally, since a multi-pass search is always 
uniformly made for all the regions targeted for search, and thus , 
a large amount of time may be required for specifying a valid 
multi-pass signal o 

[0007] In addition, in a system for multiplying a known fixed 
spread code for this signal and transmitting the multiplied code 
from the transmission side, and receiving the known fixed spread 
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code by using a matched filter at the reception side, thereby 
measuring a generation state of a multi-pass, although it is 
possible to make a search with a high speed over a wide range, 
this system is easily affected by noise, and is not suitable 
to search with high precision- 

[0008] Further, when type of spread code is identified, 
searches are made respectively for reception signals of all 
passes in accordance with the same procedures • Thus, a large 
amount of time is required for search o 

[0009] The present invention has been made in view of the 
circumstances o It is an object of the present invention to 
provide a spread spectrum communication apparatus in which a 
time required for search of a multi-pass is reduced to ensure 
fast spread code synchronization „ 
[0010] 

[Means for Solving the Problems] In order to achieve 

the object, according to the present invention, there is 
provided a spread spectrum communication apparatus for 
searching a multi-pass signal of a spread spectrum signal 
transmitted from a transmission station, and establishing code 
synchronization for the multi-pass signal based on the search 
result, said apparatus characterized by comprising s 

search means for detecting a reception state of the 
multi-pass signal } 

judgment means for judging a valid multi-pass signal 
based on the detection result of the search means; 

correlation means for carrying out back spread 
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processing so as to selectively receive the valid multi-pass 
signal based on the judgment result of the judgment means; and 

search control means for controlling; 

search control means for controlling wherein , by the 
search control means a generation timing of a spread code replica 
generated to receive a multi-pass signal in said search means 
based on generation timing information on a spread code 
generated for the purpose of the back spread processing in the 
correlation means o 

[0011] Specif ically, in the search control means , a time region 
with its high probability that the multi-pass signal is received 
is estimated based on spread code generation timing information 
on correlation means , and a generation timing of a spread code 
replica in the search means is controlled based on the estimation 
result, thereby causing a search operation of the multi-pass 
signal in the estimated time region. 

[0012] With such a construction, in the search means, a time 
region with its high probability that a multi-pass signal is 
received is preferentially searched for. As a result, as 
compared with a case of uniformly searching all regions targeted 
for search, a search can be made for a multi-pass signal within 
a short period of time, thereby making it possible to ensure 
fast code synchronization o 

[0013] In addition, in order to achieve the above described 
object, according to another aspect of the invention, there is 
provided a spread spectrum communication apparatus for 
searching a multi-pass signal of a spread spectrum signal 
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transmitted from a transmission station, and establishing code 
synchronization for the multi-pass signal based on the search 
result , said apparatus comprising s 

first search means having a matched filter for, in the 
case where the transmission station periodically multiplies a 
known fixed spread code for the spread spectrum signal, and 
transmits the multiplies code, detecting a delay profile of the 
multi-pass signal by employing the known fixed spread code; 

second search means for detecting a reception state of 
the multi-pass signal; 

judgment means for judging a valid multi-pass signal 
based on the detection results of the first and second search 
means ; 

correlation means for carrying out back spread 
processing so as to selectively receive the valid multi-pass 
signal based on the judgment result of the judgment means; and 

search control means for estimating a time region with 
its high probability that the multi-pass signal is received 
based on generation timing information on a spread code 
generated for the back spread processing in the correlation 
means, and controlling a generation timing of a spread code 
replica in the search means based on the estimation result o In 
addition, in the above described judgment means, the detection 
result of the second search means is selected in a time region 
with its high probability that a multi-pass signal is received 
based on the estimation result of the search control means so 
as to select the detection result of the first search means in 
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the other time region « 

[ 0014 ] With such a construction, search with its high precision 
is made by the second search means in a time region with its 
high probability that a multi-pass signal is received, and 
search with a high speed is made by the first search means 
employing a matched filter in the other time region* Therefore, 
code synchronization with its high precision and high speed is 
possible., 

[0015] Further, in order to achieve the object, according to 
another aspect of the present invention, there is provided a 
spread spectrum communication apparatus for searching a 
multi-pass signal of a spread spectrum signal spread and 
transmitted by respectively different spread codes in a 
plurality of transmission stations, and establishing code 
synchronization for the multi-pass signal based on the search 
result, said apparatus characterized by comprising s 

search means for detecting a reception state of the 
multi-pass signal ; 

judgment means for judging a valid multi-pass signal 
based on the detection result of the search means; 

correlation means for carrying out back spread 
processing in order to selectively receive the valid multi- 
pass signal based on the judgment result of the judgment means; 
and 

search control means for control type and generation 
timing of a spread code replica generated to receive a multi-pass 
signal in the search means and identify the spread code based 
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on information representative of the type and generation timing 
of the spread code generated for the back spread processing in 
the correlation means « By the search control means, the type 
and generation timing of a spread code replica generated to 
receive a multi-pass signal in the search means is controlled 
based on information representative of the type and generation 
timing of the spread code generated for the back spread 
processing in the above described correlation means so as to 
identify the spread codec 

[0016] Specifically, by the search control means , a time region 
with its high probability in which incoming multi-pass signals 
from the same transmission stations are received is estimated 
based on spread code generation timing information on the above 
correlation means, so that, in the estimated time region, a 
spread code replica of the same type which is identical to that 
of the spread code generated by the correlation means is 
generated o 

[0017] In general, in a time region with its high probability 
that a multi-pass signal is received, there is a high possibility 
that the spread spectrum signals from the same transmission 
stations are received to be delayed and spread. Therefore, as 
described above, a multi-pass search is made by using a spread 
code of the same type identical to that of a multi-pass signal 
in reception by the correlation means, whereby a time required 
for search is reduced, and code type can be identified at a high 
speed. In contrast, in a time region with its low probability 
that a multi-pass signal is received, search is made by using 



all the spread codes being a candidate » By doing this, type 
of spread code can be identified for a multi-pass signal at a 
high speed and high precision „ 
[0018] 

[Preferred Embodiments of the Invention] 
( Embodiment 1 ) 

Fig. 1 is a block diagram depicting a first embodiment 
of a spread spectrum communication apparatus according to the 
present invention „ 

[0019] In the figure, a direct spread spectrum signal (DS- 
SS signal) transmitted from a transmission station (not shown) 
is inputted to a wireless reception section (RF) 11 after being 
received by an antenna 10, and the inputted signal is frequency 
converted into a reception baseband signal » Then, this 
reception baseband signal is converted into a digital signal 
by means of an analog/digital converter (ADC) 12, and the 
converted signal is inputted to a respective one of a first 
correlation device 13 having a searcher function and a plurality 
of second correlation devices 16a to 16n for carrying out RAKE 
reception o 

[0020] The first correlation device 13 has a spread code 
generator that generates a spread code replica, and back- 
spreads the inputted reception digital baseband signal by 
employing the spread code replica, thereby carrying out a 
multi-pass search „ Then, an output signal of the multi-pass 
search is inputted to an intensity judgment device 14 o The 
intensity judgment device 14 judges a valid multi-pass by 
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measuring the reception electric field intensity of the output 
signal from the first correlation device 13 <> 
[0021] A composition finger control circuit 15 to which the 
judgment result of the intensity judgment device 14 is inputted 
undergoes ON/OFF control of the second correlation devices 16a 
to 16n and control a generation timing of spread codes generated 
by these correlation devices in order to cause the above 
intensity judgment device 14 to selectively select a multi- 
pass the second correlation devices 16a to 16n that has been 
judged to be valid by the intensity judgment device 14 o 
[0022] The second correlation devices 16a to 16n each have a 
spread code generator, and generates a spread code from the 
spread code generator in accordance with a timing instructed 
from the composition finger control circuit 15. Then, the 
inputted reception digital baseband signal is back-spread by 
the spread codes, and the reception signal of each pass obtained 
by the back spreading is inputted to an adder 19 via multipliers 
17a to 17n, respectively o The adder 19 phases and composes 
reception signals of passes outputted from the correlation 
devices 16a to 16n, respectively, and outputs them to a judgment 
device 20. The judgment device 20 judges the reception signals 
supplied from the adder 19. 

[0023] The above described multipliers 17a to 17n each reflect 
the complex weights computed in transmission channel response 
estimators 18a to 18n each on the reception signal of each pass 
in order to phase and compose the reception signal of each pass 
outputted from the correlation device 16a to 16n each. 
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[0024] In the meantime, a spread spectrum communication 
apparatus of the present embodiment comprises a code generation 
timing control circuit 21, The code generation timing control 
circuit 21 basically has a function for controlling a generation 
timing of a spread code replica generated by the spread code 
generator of the first correlation device 13 * This control is 
made according to the spread code generation timing of the second 
correlation devices 16a to 16n« That is, a time region with 
its high probability that a multi-pass signal is received is 
estimated based on a spread code generation timing of the second 
correlation devices 16a to 16n each, and the generation timing 
of the spread code replica is controlled in order to cause the 
first correlation device 13 to make a search for a multi-pass 
signal in the estimated time region • 

[0025] Next, an operation of the apparatus constructed above 
will be described here., When code synchronization/capturing 
procedures are started, the apparatus first searches a known 
fixed spread code inserted into each slot of a spread spectrum 
signal transmitted by a transmission station, as shown in Fig. 
7 , for example, by means of a matched filter (not shown) , thereby 
measuring a multi-pass delay profile «> 

[0026] In general, although a pilot signal added after a data 
series as well is obtained as a known signal, a pilot signal 
is subjected to scramble processing by means of a code called 
a scramble codec Thus, a multi-pass reception state can be 
determined after the type and phase of such scramble code has 
been specified . A portion of a fixed spread code is obtained 
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as a code series to which scramble processing is subjected „ 
Even when no scramble code is identified, delay profile 
measurement can be carried out, 

[0027] When the above delay profile is measured, a pass with 
its greatest reception electric field intensity is detected 
based on the measurement result, and this pass is assigned so 
as to cause the second correlation device 16a to receive it. 
This assignment is made by adjusting the spread code generation 
timing of the second correlation device 16a to a timing of the 
pass to be received, 

[0028] After the maximum pass has been thus assigned to the 
second correlation device 16a, the apparatus continuously 
receives a pilot signal inserted into a latter half section of 
each slot, as shown in Fig* 7, thereby making a detailed search 
of the multi-pass signal «, 

[0029] That is, this search is made in the first correlation 
device 13 „ At this time, the code generation timing control 
circuit 21 estimates a time region with its high probability 
that a multi-pass signal is received, according to the maximum 
pass during reception in second correlation device 16a, the 
reception timing of Pll shown in Fig* 2, for example. Then, 
the generation timing of the spread code replica is specified 
so as to cause the first correlation device 13 to receive only 
the time region. For example, in Fig, 2, a predetermined period 
Tl from the reception timing of the maximum pass Pll is specified 
as a search period for the first correlation device 13., 
Therefore, in the first correlation device 13, a multi-pass 
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signal search is made in the period Tl specified from the code 
generation timing control circuit 21, 

[0030] With such a construction, multi-pass signals P12 and 
P13 targeted for detection can be searched for within a short 
period of timeo That is, a multi-pass signal is produced due 
to a difference in propagation paths caused by multiple 
reflection of electrical waves, and, in general, the intensity 
is decreases as a difference in propagation delay is increased. 
Thus, if there is a pass with the highest signal intensity, a 
timing at the periphery of such pass timing is obtained as a 
timing candidate with its high probability that there exists 
a multi-pass with its second highest strength. Thus, as 
described above, a pass search is made from the periphery of 
pass Pll in reception having the highest reception electric 
field intensity, whereby a multi-pass search can be made within 
a short time, thereby making it possible to achieve code 
synchronization with a high speed relevant to a multi-pass 
signal <» 
[0031] 

( Embodiment 2 ) 

Figo 3 is a block diagram depicting a second embodiment 
of a spread spectrum communication apparatus according to the 
present invention «, In the figure, like elements shown in Fig* 
1 are designated by like reference numerals, A detailed 
description is omitted here, 

[0032] A reception digital baseband signal outputted from the 
ADC 12 is inputted to a first correlation device 13 and a 
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plurality of second correlation devices 16a to 16n, and is 
inputted to a matched filter 31 as wello 
[003 3] In this matched filter 31 , in the case where a 
transmission station (not shown) is periodically multiplies a 
known fixed spread code for a spread spectrum signal, and 
transmits the multiplied signal, the filter searches a 
multi-pass signal by employing the known fixed spread code, 
thereby measuring a delay profile of a multi-pass » The delay 
profile is obtained as information that consists of a multi-pass 
delay time and a reception electric field intensity „ The 
measurement result of a delay profile obtained by the first 
correlation device 13 is inputted to an intensity judgment 
device 32 together with the detection signal of the multi-pass 
obtained by this matched filter 31 « 

[0034] A code generation timing control circuit 33 that 
controls a search operation of a multi-pass in the above first 
correlation device 13 has a function for controlling a 
generating timing of a spread code replica generated by the 
spread code generator of the first correlation device 13 as in 
the code generation timing control circuit 21 described in the 
first embodiment o This control is made according to the spread 
code generation timing of each of the second correlation device 
16a to 16n, That is, time regions with their high probability 
that a multi-pass signal is received are estimated, 
respectively, based on the spread code generating timings in 
the second correlation devices 16a to 16n each, and the 
generation timing of the spread code replica is controlled in 
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order to cause the first correlation device 13 to search a 
multi-pass signal in the estimated time region o 
[0035] The intensity judgment device 32 selectively uses a 
detection signal of a multi-pass obtained by the first 
correlation device 13 and the measurement result of the delay 
profile obtained by the matched filter 31 according to 
information representative of the time region estimated by the 
code generation timing control circuit 33, thereby judging a 
valid multi-pass based on the selected detection result. 
[0036] With such a construction, when code synchronization 
establishment procedures are started, as in the first 
embodiment, first, a known fixed spread code is searched for 
by means of the matched filter 31 , whereby the multi-pass delay 
profile is measured* Then, based on the measurement result, 
a pass with its highest reception electric field intensity is 
detected by means of the intensity judgment device 32, and a 
spread code generation timing for receiving this pass is 
assigned from a composite finger control circuit 15 to second 
correlation devices 16a to 16n* 

[ 0037 ] For example, in the matched filter 31 , in the case where 
the delay profiles of the multi-passes P41 to P43, P51 to P53, 
and P61 as shown in Fig, 4 are detected, the passes P41 and P51 
with their reception electric field intensities are selected 
from among them, and these passes P41 and P51 are assigned to 
the second correlation device 16a (finger 1) and the second 
correlation device 16b (finger 2), respectively «, 
[0038] When a maximum pass is assigned to the second 
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correlation devices 16a and 16b, a pilot signal is received, 
whereby a detailed search is made for a multi-pass signal. That 
is, the code generation timing control circuit 33 sets a time 
region (detailed search ranges T2 and T3 shown in Fig* 4) in 
which multi-pass signals are searched in detail, respectively, 
based on the reception timings of the passes P41 and P51 that 
the second correlation devices 16a and 16b are receiving « Then, 
in order to cause the first correlation device 13 to receive 
these detailed search ranges T2 and T3, the generation timing 
of the spread code replica is specified for the first correlation 
device 13 * Therefore, in the first correlation device 13, in 
a period corresponding to the detailed search ranges T2 and T3 
specified from the above code generation timing control circuit 
33, a multi-pass signal search is made* 

[0039] In addition, in the intensity judgment device 32, 
detection signals of the multi-passes P42 , P52 , and P53 targeted 
for detection outputted from the first correlation device 33 
is selected in periods corresponding to the above detailed 
search ranges T2 and T3 o On the other hand, in the other period, 
a delay profile such as a multi-pass P43 or PP61 outputted from 
the matched filter 31 is selected* 

[004 0] In general, although a pass search caused by a matched 
filter is suitable to a search at a high speed within a wide 
range, such pass search is not suitable to a search with high 
precision which is less affected by noise., In contrast, in a 
system for making a search by shifting the generation timing 
of the spread code by means of a correlation device, although 
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a large amount of time is required for search, an addition 
average over a plurality of symbols is employed, thereby making 
it possible to execute a search with its high precision „ 
Therefore, as in the present embodiment, a region with its high 
probability that a pass exists is preferentially searched for 
by employing the first correlation device 13 capable of making 
a search with its high precision, and the other region is 
searched for by employing the matched filter 31 capable of making 
a search with its high speed, thereby making it possible to 
execute a multi-pass search with its high precision and high 
speed. 
[0041] 

(Third Embodiment) 

Fig« 5 is a circuit block diagram depicting a third 
embodiment of a spread spectrum communication apparatus 
according to the present invention o In the figure, like 
elements shown in Fig„ 1 are designated by like reference 
numerals o A detailed description is omitted here. 
[0042] The code generation timing control circuit 51 receives 
a pilot signal, whereby, in the step of making a code search 
for a multi-pass signal, the circuit captures information 
representative of the generating timing of spread codes 
generated by the second correlation devices 16a to 16n and type 
of the spread code« Based on these items of information, there 
estimated a time region with its high probability that the 
multi-pass signals incoming from the same transmission stations 
are received, namely, an identical search range, Then, in order 
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to cause the first correlation device 13 to make a search for 
a multi-pass signal in the estimated identical code search 
ranges , the generation timing and type of the spread code replica 
are specified for the first correlation device 13, 
respectively „ 

[ 0043 ] With such a construction, when the code synchronization 
s establishment procedures are started, as in the first 

* embodiment described previously, the known fixed spread code 

is first searched for by a matched filter (not shown), whereby 
a multi-pass delay profile is measured. Then, based on the 
measurement result, a pass with its highest reception electric 
field intensity is detected by the intensity judgment device 
14, and the spread code generation timing for receiving this 
pass is assigned from the composite finger control circuit 15 
to the second correlation devices 16a to 16no 
[0044] For example, in the matched filter, in the case where 
the delay profiles of the multi-passes P71 to P73, P81 to P83, 
and P90 as shown in Fig. 6 have been detected, the pass P71 with 
its high reception electric field intensity is selected from 
among them, and the selected pass P71 are assigned to the second 
correlation device 16a (finger 1)« 

[0045] When the maximum pass is thus assigned to the second 
correlation device 16a, a pilot signal is continuously received, 
whereby a detailed multi-pass signal search is made. 
[004 6] That is, the code generation timing control circuit 51 
sets a time region (the same code search range T4 shown in Fig„ 
6) in which a multi-pas signal should be searched for in detail, 
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based on the reception timing of the pass P71 in reception the 
second correlation device 16a. Then, the generation timing of 
the spread code replica is specified for the first correlation 
device 13 in order to cause the first correlation device 13 to 
receive this detailed search range T4 * 

[0047] Concurrently, the code generation timing control 
circuit 51 captures information representative of type of 
spread code generated by the second correlation device 16a<, 
Based on the information, this circuit controls the first 
correlation device 13 in order to cause the first correlation 
device 13 to generate a spread code replica of such type which 
is identical to that of the spread code generated by the second 
correlation device 16a* 

[0048] Therefore, in the first correlation device 13, in a 
period corresponding to the same code search range T4 specified 
from the above code generation timing control circuit 51, a 
spread code replica of the same type which is identical to that 
of spread code generated by the second correlation device 16a 
is generated, and back spreading of a reception digital baseband 
signal is carried out by this spread code replica «> 
[0049] In general, in a region with its probability that a 
multi-pass exists, there is a high possibility that the same 
transmission signals are received to be delayed and dispersed „ 
Thus, in making a code search for this region, such searching 
is made by employing a spread code identical to that of the 
already received maximum pass P71, thereby reducing a time 
required for search. 



[0050] Therefore, as in the present embodiment, in the code 
generation timing control circuit 51, the search range of the 
same codes is estimated based on the reception timing of the 
maximum pass P71 in reception by means of the second correlation 
device 16a, and the estimating range is specified for the first 
correlation device 13 o In addition, a spread code of such type 
identical to that of spread code generated by the second 
correlation device 16a is specified for the first correlation 
device 13, thereby making it possible to identify type of code 
of the multi-pass signal with a high speed « 

[0051] In a region other than the search range T4 designated 
by the same reference numeral, since there is a low possibility 
that a multi-pass identical to pass P71 is received, the code 
generation timing control circuit 51 makes a search for all the 
spread codes that are candidates o 

[0052] The present invention is not limited to the above 
described embodiments each. For example, although the first 
and third embodiments have described an example of measurement 
of a multi-pass delay profile in an initial synchronization 
process by employing a matched filter as in the second embodiment, 
delay profile measurement means other than such a matched filter 
may be employed * 

[0053] A spread spectrum apparatus comprising all of the 
constructions according to the first to third embodiments may 
be constructed o In addition, with respect to synchronization 
establishment procedures, the number of second correlation 
devices (fingers), a construction of a spread spectrum 



communication apparatus / and type of applicable system or the 
like as well, various modification can occur without departing 
from the spirit of the invention • 
[0054] 

[Advantageous Results of the Invention] 

As described above, according to the present invention, 
by search control means, a generation timing of a spread code 
replica generated to receive a multi-pass signal in search means 
is controlled by search control means based on the generation 
timing information on a spread code generated for back spread 
processing in correlation means . ^ 
[0055] In addition, according to another aspect of the 
invention, there is provided a spread spectrum communication 
apparatus compr is ing s 

first search means having a matched filter for, in the 
case where the transmission station periodically multiplies a 
known fixed spread code for the spread spectrum signal, and 
transmits the multiplies code, detecting a delay profile of the 
multi-pass signal by employing the known fixed spread code; 

second search means for detecting a reception state of 
a multi-pass signal; 

judgment means for judging a valid multi-pass signal 
based on the detection results of the first and second search 
means ; 

correlation means for carrying out back spread 
processing so as to selectively receive the valid multi-pass 
signal based on the judgment result of the judgment means; and 
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search control means for estimating a time region with 
its high probability that the multi-pass signal is received 
based on generation timing information on a spread code 
generated for the back spread processing in the correlation 
means, and controlling a generation timing of a spread code 
replica in the search means based on the estimation result, 
characterized in that the judgment means selects the detection 
result of the second search means in a time region with its high 
probability that a multi-pass signal is received based on the 
estimation result of the search control means, and selecting 
the detection result of the first search means in the other time 
region. 

[0056] According to a still another aspect of the invention, 
there is provided a spread spectrum communication apparatus, 
characterized in that search control means controls type and 
generation timing of a spread code replica generated to receive 
a multi-pass signal in search means so as to identify the spread 
code based on information representative of the type and 
generation timing of spread code generated for back spread 
processing in correlation means. 

[0057] Therefore, according to these aspects of the invention, 
there can be provided a spread spectrum communication apparatus 
for reducing a time required for multi-pass search, thereby 
ensuring fast spread code synchronization. 
[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a view illustrating a construction of 
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essential parts showing a first embodiment of a spread spectrum 
communication apparatus according to the present invention* 
[Fig. 2] 

Fig* 2 is a view illustrating a search operation of a 
multi-pass according to the apparatus shown in Fig. 1; 
[Fig. 3] 

Figo 3 is a view illustrating a construction of 
essential parts of a second embodiment of a spread spectrum 
communication apparatus according to the present invention o 
[Figo 4] 

Fig. 4 is a view illustrating a search operation of a 
multi-pass according to the apparatus shown in Fig„ 3, 
[Fig. 5] 

Figo 5 is a view illustrating a construction of 
essential parts showing a third embodiment of the spread 
spectrum communication apparatus according to the present 
invention- 
[Figo 6] 

Fig D 6 is a view illustrating a search operation of a 
spread code according to the apparatus shown in Fig« 5. 
[Figo 7] 

Figo 7 is a view showing an exemplary configuration of 
a signal transmitted by a transmission station, 
[Reference Numerals] 
10 o o o Antenna 
11 o o o wireless receiver 
12ooo Analog/digital converter (ADC) 



13ooo First correlation device 

14... Intensity judgment device 

15... Composite finger control circuit 

16a to 16n... Second correlation device 

17a to 17n..c Multipliers 

18a to 18n... Transmission channel response estimators 

19 Adder 

20... Judgment device 

21, 33, 51... Code generation timing control circuit 

31 Matched filter 

32... Intensity judgment device 
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[FIG* 1] 

13ooo CORRELATION DEVICE 

14 o*. INTENSITY JUDGMENT DEVICE 

15 COMPOSITE FINGER CONTROL CIRCUIT 

21ooo CODE GENERATION TIMING CONTROL CIRCUIT 
16a,o. CORRELATION DEVICE 
16n,oo CORRELATION DEVICE 

18a TRANSMISSION CHANNEL RESPONSE ESTIMATOR 

18n... TRANSMISSION CHANNEL RESPONSE ESTIMATOR 

[FIGo 2] 

RECEPTION SIGNAL INTENSITY 
RECEPTION PASS OF FINGER 1 
PASS TIMING 

[FIGo 3] 

13ooo CORRELATION DEVICE 

32,,. INTENSITY JUDGMENT DEVICE 

15ooo COMPOSITE FINGER CONTROL CIRCUIT 

33 CODE GENERATION TIMING CONTROL CIRCUIT 

16a.oo CORRELATION DEVICE 

18a.oo TRANSMISSION CHANNEL RESPONSE ESTIMATOR 
18n„oo TRANSMISSION CHANNEL RESPONSE ESTIMATOR 
16riooo CORRELATION DEVICE 

[FIGo 4] 

RECEPTION SIGNAL INTENSITY 
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DETAILED SEARCH RANGE T2 
DETAILED SEARCH RANGE T3 
RECEPTION PASS OF FINGER 1 
RECEPTION PASS OF FINGER 2 
PASS TIMING 

[FIG. 5] 

13... CORRELATION DEVICE 

14 INTENSITY JUDGMENT DEVICE 

15 COMPOSITE FINGER CONTROL CIRCUIT 

Slooo CODE GENERATION TIMING CONTROL CIRCUIT 
16a... CORRELATION DEVICE 
16n... CORRELATION DEVICE 

18a TRANSMISSION CHANNEL RESPONSE ESTIMATOR 

18n... TRANSMISSION CHANNEL RESPONSE ESTIMATOR 

[FIG. 6] 

RECEPTION SIGNAL INTENSITY 
SAME CODE SEARCH RANGE T4 
SPREAD CODE ESTIMATION PASS 
PASS TIMING 

[FIG. 7] 
ONE SLOT 
DATA 

PILOT SIGNAL 
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DATA 

PILOT SIGNAL 
DATA 

PILOT SIGNAL 
FIXED SPREAD CODE 



